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MONDAY, JULY 28, 1997

JOINT ENGINEERING AND FEDERAL FACILITIES FORUM SESSION

Natural
Attenuation
Workshop:
Introduction and
Basic Principles

Dr. Ron Sims, Director of Utah State UniveySitWater Laboratgr, presented an
introduction to the basic scientifirinciples of natural attenuation. He said that the Electric
Power Research Institute (EPRI) issued a contract to Utah State, Cornell Unieeicit
Atlantic Environmental in 1989 to look into natupabcesses at coal tar town sites. The
threeyear stug looked into source control treatments followgdhatural attenuation
(althowgh the term was not in use then). Sipnssented a case syudf the results of that
research, which was conducted at a siteppetuNew York State.

The site was contaminated withphghalene, toluene, and acehthalene from irproperly
disposed coal tar wastes dugithe 1970s, which resulted inptdhalene leachopinto
surface streams. The site was characterigesi ang aquifer and NAPL mgration. The
source encopassed about 1/4 acre, with contamination in {@u20 feet. About 9600
cubicyards were contaminated over a 7 foot water table. Adbnmant irgredients of natural
attenuation wereresent: dilution, sqation, biodgradation, and advection. EPRI's ¢pt@erm
plan, which was based on the scientists' recommendations, called for removal of the coal-tar
source, which was accatished in 1991, and monitogrof theplume throgh 2001. Sims
stressed that monitogns a intgral part of natural attenuation, as is intensive site
characterization. EPRI invested several million dollars in the site characterizadiss
Dissolved oygen (DO) is an irportantparameter to monitor because there is a gtron
inverse correlation between PAHs anggen. After 4¥years, monitorig has revealed
significant reduction in nghthalene, althagh it is not entirgl homaeneous.

Cornell and Utah used three critepizgblished in the 1993 National Research Council's
(NRC) publicationIn Situ Bioremediation: When Does It WoitkZdocument natural
attenuation at the stydite:

1) Demonstrate removal of tgt constituents at field scale. Sinceméalene and
acenhthalene are more mobile, those two were selected. Phenanthrene is less mobile
(closer to the source).

2) There must be microbigbtential for bioremediation in the site material. At the coal tar
site,'* C-tgged nphthalene anghenanthrene were used to document microbicéd
potential. Sims's team monitored evolVéd ,CO dwritineralization of the PAHSs.

3) There must be other evidencg@purting bioremediation. Sims used metabolje b
products and the reduction of toxicés determinedybMicroTox bioassgs to document
this. He added that the inverse correlatioly tioeind between PAHs and DO are a third
supporting factor.

Sims noted that EPRI used its MYGRT model to yrethe data collected/tCornell and
Utah. The stug demonstrated that contaminant removal followgddtural attenuation is an
effectiveground-water remediatiorpdon and that DO levels are indicative of
biodggradation of PAHs. Recent salimg indicates that the contamingtime is disgating
faster than initial} predicted ly MYGRT.
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In regonse to guestion, Sims confirmed that Cornell Univeysibnducted microbial
counts in solid and watg@hases, and characterized the microbes. Predatiothbr
microbes was noticed, and enhancegtraaation correlated well with DO.

Anotherquestioner noted that 3,4-graromatics are most carcigenic, and asked if tiye
were considered. Sims said thatyth@oked at hgh- and low-molecular wght aromatics.
There was a concentration of heavier poomds near the source due to the fluglafiect of
theground wateplume, which disgated the [jhter fractions. The carcigenic
contaminations are gigoportionatey associated with the heavier fractions. Therefore,
source removal tends to remove most of them.

In reponse to anothequestion, Sims confirmed that thenonitored the NAPL blob at the

toe of theplume after source removal. Monitogidissolution of the residual source
continues. Sims added that modgland monitorig were made more cqgolicated ly

rainfall events that affected dissolution and dilution. He added that the MYGRT model did
consider sation by aguifer solids but not desption.

Sims's team used ‘@acity cgpacity” to characterize distribution of @get PAHs and
metabolites. “Fgacity” is a mathematical term wesimilar to vaor pressure of gas, and is
a measure of the tendgnaf a chemical to “esge” from aparticularplace. By contrast, a
partition coefficient is a measure of a chemical's aififotr aparticularphase. Sims said that
fugacity is a sinple conputation, needig readily available data. Ahase concentration
equals fugacity times fugacity cgpacity. Fugacity cgpacity is derived as follows:

Water Z, 1/H (inverse Hegis Law Constant)

Air Z, 1/RT=4x10" (v@or pressure)
NAPL Z, K, X Z, (octanol-water partition coefficient x fugacity capacity for
Soil Z,  water)

Kd x p, x Z, (partition coefficient x bulk densitof soil x fugacity
cgpacity for water)

Original concentrations of PAH cgmunds and the concentrations of their metabolites in
air, water, soil, and NAPL showed that the vast bulk of the contaminants are in the source
NAPLs. Therefore, ¥removirg the source mass, one can remove most of the contaminants.

The PAH metabolites serve as “biomarkers” of PAHsy i@ much more mobile than the
PAHs and ngrate moreyuickly than the oginal contaminants. Sims noted, however, that
some metabolites are more toxic thangheent corpounds, so the metabolites need to be
monitored as well. Their overwhelngjpreference for the watg@hase also means that one
need not monitor air or soil concentrations. Cornell and Utah State scipetfstsned
MicroTox evaluations thgiroduced vey similar results. Twgears after source removal,
ground water toxicit (EC;,—the amount of source water that reduces microbial gdbiyvit
50%) went from 17.5i.., equivalent of 17.5 liters of toxin in 100 liters of water) to non-
toxic. In addition, the biochemical metabolitegpb&nanthrene, found in the laborgtor
were first measured in the field dugithis stug.

Sims indicated that one of thgoals was t@ive EPRI a “toolkit” of readif-available
techngues and data basegan fugacity anaysis. In summay, Sims rgorted that at the
study site after source removal: there vmasent corpound reduction (sfel of the NRC
criteria); microbialpotential (stp 2); and other quporting evidence, includig DO trends,
detoxification, and metabolites (pt8).
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Sims eylained the mass balance copictor natural attenuation: the fluphase contains
components that can flow (NAPIlgases, water, leachate); the s@lichse contains soil
organic matter and sand, silt, andyctaineral corponents. The mass balance determines
whatpercent of the contaminant should be in eattéise. Fgacity anal/sis determines the
partitioning of chemicals of concern for direct monitagjrand readit availablepartition
coefficients (K, K,, , H) is used to calculate thgduity parameters. Simgointed out that
mixtures of oganic conpounds in theground water will result in a reduction in thguaous
fraction of each @anic chemical when cqopared to thgure chemical's solubijit Raoult's
Law (chemical concentration agulibrium = mole fraction of chemical in ganicphase
times the gueous solubili of that chemicalyjoverns the solubilt associated with mixtures
of organic chemicals. guilibrium fugacity can be calculated from the known volumes and
fugacity cgoacities of the varioughases (soil, water, air, NAPL) and the total chemical mass
in the ystem.

In a saturatedqueous gstem (below the water table), flow follows DgcLaw. In an
isotrgoic medium, the Ydraulic conductivi (K) is indgpendent of direction; in a
homaenous medium, K is inggendent of location. Dgersion is a nonsteggdirreversible
mixing process. In unsaturated soils, K decreagadlsawith water content.
Phytoremediation also reducegdraulic conductivig due to evpotrangiration.

Conseguently, astute use of naturglantings can hegd control soil moisture and hence affect
bioremediation. Theartition coefficient (K; ) is the most iportantparameter taet right
because it has the most effect on diffusion and retardation—mpoetant than bulk

densiy, moisture content, volume, oryaatherparameter.

Sims also rported that mineralization waggsificant only with a DO level of 2-5%; there

was no dgradation without oyxgen, and to their sprise, there was reduced mineralization at
DO concentrations above 5%. Cogqsently, he advised that in aiparging situations, DO
should not exceed 5%. In g1se to auestion, Sims said that $héelieved that the 5%

DO level was the saturatiguoint for enymes—euivalent to the oxgen contentsypically

used in wastewater treatment. He did not know ibremediation efficiencdeclined when
oxygen levels exceeded 20%.

Sims said thatyomeasurig charges in contaminants and inyaen, sulfates, nitrate, iron,
and methane, ingendent verification of biodgadation can be demonstrated. He called
these geochemical indicators” of bioremediation. Aerobic bigrdelation of nonchlorinated
hydrocarbons like BTEX occurs when the microbegpiresand bioremediation is limited/b
the sypply of available electron acpwrs like ox/gen, nitrate, iron, or sulfate. When the
contaminant is a chlorinategdrocarbon (electron agater), bioremediation is limitedyb
the syply of electron donors, and bioremediation occurs thinaeductive dechlorination.
Stochiometric calculations will determine how much contaminant is mineralized.

In reponse to auestion about other ggen consumers, Sims acknowged that thg use a
rule of thumb that about half of theymen deletion is attributed to biodgadation and half
to other sources. BTEX is more soluble than other electron donors, soyigdikel most
bioavailable. He said that the total assimilativeacaly should be dividedybtwo to account
for this. Sims added that the solulyilaf mary chlorinated compounds, like
pentachlorphenol, are tghly pH-dependent. Conspiently, site-pecific pH variability is
very important. Also, like may pesticidespentachlorphenol will ionize.

In conclusion, Sims ephasized three gbe in manging natural attenuation: conduct a
thorowgh site characterization; usegcity to partition contaminants intphases; and use

3
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risk assessment to decide how to remediate. He stressed that the “solution” to remediation
will come from an increasgty better definition of th@roblem.

GROUND-WATER FORUM SESSION

Natural
Attenuation
Special Topics:
Bioscreen 2
Workshop

John Wilson (ORD/NRMRL/SPRD-Adgyrovided an overview of Bioscreen 2, which is a
program consistig of an Excel preadsheet macro for evaluagitne goplicability of natural
attenuation to ground-wateiplume. It can also be used to vegriiill-scale models. Version
1.3 can be downloaded from Kerr Laborgtemwebsite
(http://www.epagov/ada/kerrlab.html); Version 1.4 should be available soon.

Wilson enphasized that Bioscreen 2 is a decisioppsut system and not a model. Bioscreen
2 was develped to evaluatpetroleum lydrocarborplumes, but can be used fdumes of
chlorinated solvents as well. It assumegrarsetrical steagtstateplume. Theprogram irput
includes the followig types ofparameters:

1) hydrogeolagic

2) digersion (which can be field-calibratedgemerated from an estimatpldime lergth)
3) adsoption

4) biodegradation AO,, ANO*, ASO,*, observed F¢ , and observed,CH )

5) general (simulation time, Igth and width of model area)

6) source data

7) field data (for corparison to Bioscreen 2 results)

Wilson demonstrated thelication of Bioscreen 2 for several scenarios;gogram
calculated the current volume ground water in th@lume and the flow rate of water

through the source zone. Wilsondan ly usirg data that assumed the natural attenuation of
a hypotheticalplume involved on} dispersion and s@tion mechanisms. Haroceeded to

add irput parameters indicative of biogedation of thglume for conparison. Theprogram
generatedyraphs showiig the concentration of contaminants with distance from the source
and with time.

Dick Willey (Region 1) commented that if monitogrwells are not located on the centerline
of theplume, the sampling results can be misleadjfecause thplume gpears to be
attenuatig, when in reali it is migrating away from the monitorig wells. Wilson
acknowleded that incorrecyl placed wells can be@oblem. He cited a stycconducted &
agraduate student of Jim Barksdale i@ 4) usirg chloride as a conservative tracer. The
results of the studindicated that the wells have been located incoyrédthe

concentrations of chloride in the monitagiwells decrease faster tharpexgted.

Luanne Vandeiool (Region 5) pointed out that use of BioscreenYthe Rgions my be
limited because marof them do not have access to Excel.
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TUESDAY, JULY 29, 1997

JOINT FORUMS SESSION

Natural John Wilson (ORD/NRMRL/SPRD/Ad@resented in three hours an abbreviated form of a
Attenuation three-dg worksh@ on natural attenuation of chlorinated solventground water. Materials
Workshop: are available from himpon request. He bgan with two basiguestions for bioremediation
Applications and —when to start and when to pte-noting that one should hattroactive remediation when it
Case Studies is no lorger demonstratipimprovement or when it is no faster than intrinsic remediation. He

described the basic chemystf chloroethene biotransformations and dechlorination,
described three basigges of sites, how to determigeound water flow and solute trgyust
using gegorobe and other ipact technolgies, and discussed several case studiesgUsin
these case studies, Wilson described errors associated wilausiaje hydraulic
conductivities, the usefulness of microcosm studies to confirm attenuation rates, and the
application of rate constants to model bioremediation trgmoactively or retroactivel. He
then described his research into natural attenuation of trichloroethane (TGE{-faish site

in St. Josph, Michigan, as a case stutringing together the chemistr techngues, and
principles discussed earlier in Ipsesentation.

Wilson noted that the National Corgang/ Plan (NCP) defines natural attenuation as a
“remedy,” but characterized it more as biglcal containment. Natural attenuation of
chlorinated solvents gaires low oyxgen, low nitrate, tgh ferric iron, low sulfate, igh
sulfur dioxide, hgh methane, low redgpotential, hgh dissolved aganic carbon, lgh
temperature, hgh carbon dioxide, and g alkalinity.

Onequestioner said that R®n 5 has lowpermeable tills; thgegorobe techrgque is
hindered ly the slowness of draiga into the saipler. Wilson greed that thgegprobe
technol@y is ingopropriate for lowpermeable soils. It is degied for homgeneous sands.

Anotherquestioner asked if the autoclagiof control samles mght alter the soil structure
in the microcosms. Wilsorgeeed that there wasproblem in that rgard, but autoclavig
remains the best wao sterilize the saptes. In reponse to anothequestion, Wilson
acknowleded that thg looked into biocides instead of autoclayfior control sterilization.
He said that Ada's gerts believe that autoclagns better, but indicated that there was as
much “art” as science in thpeocess. The choice alsopmded pon soil matrix and other
parameters.

Wilson confirmed that radiolabelled TCEpeximents had been conducted to examine
biodggradationproducts, which resulted in cqubete mineralization to CO . He then noted
that microcosm eperiments showed faster biagtadation reactions than field-scale
experiments due to the disturbance of the substrate and increasegeneiyo Wilson
likened thephenomenon to tillig a field to inprove plant growth.

Wilson was asked how he digguiished sgption from inoiganic transformations in his
controls. He said that sulfiggoduction was the ke there was not much sulfigeeoduction
after autoclavig. He acknowleded, however, that it was not alyggossible to tell.

In answer to anotheuestion, Wilson indicated that theid not attemt to enhance
biodggradation with nutrients or other enrichment. At Platt Air Force Basepéncent TCE
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was not suitable because th@m@elationproductsgenerate salts that kill the microbes. He
would have recommended soil fluspimstead of enhanced bioremediation.

In a finalquestion, someone noted that the monitmansects at the St. Jpbesite were
conducted over thregears, and asked if the cparisons nmght create errors in
interpretation. Wilson greed that the angdis assumed a steasitate, and could offer no
evidence either wato sypport the assumption. He noted that the BIOSCREEN 2 model
assumes that the NAPL is in stgadate and does not gnate with theground wateplume.
He acknowleded that the assygtion is not alwgs true.

GROUND-WATER AND FEDERAL FACILITIES FORUMS SESSION

Presentations and Protocol for Natural Attenuation of Radionuclides and Metals

Discussions

Regarding Natural Fran Kremer (ORD/NRMRL-Cincinnati) perted that she attended a megtivith DOE at
Attenuation at Sandia National Laboratories in June. She indicated that D@Uskérg for guidance on
Federal Facilities natural attenuation of radionuclides and metals, and ORIAansing to begin guidance

develpment in late 1998. She added that she would like to involve the Forumeneihe
develgpmentprocess and asked the Ground-Water Forum fartinonguidance needs.

Willey repponded thaguidance on the natural attenuation of arsenic,gaaese, cadmium,
and chromium would be wehelpful because in his g@erience, thg are the most common
metals found ilground-wateplumes. Willgy further indicated thaguidance on monitorn
plumes mgrating toward surface water bodies would bephdltoo.

Vandepool asked that the mechanisms of natural attenuation angpioprgate methods
for evaluatimg their effectiveness be described. Kabavies (Rgion 3) siggested that
future land use be considered and asked whether there wouly lritations to the future
land use of g@roperty at which a metalplume has attenuated.

Hydrogeolagic Data

Vandepool commented that remedial invegtiions ypically do notproduce the detailed
flowfield information that is rquired for assessment of natural attenuation. Wilson said that
Geqrobe, direcpush technolgy, and Waterloo sapters can be used to measuyeltaulic
conductiviy at numerous field locations, rather than at a limited number of mougitwel
locations. He used the angioof exploring for oil, wheregegohysics and dgositional

histoly are used tposition a well. He said that similarggration principals should be used

to position wells in a contaminaptume.

Dissolved Oygen Measurement

Wilson pointed out that field measurements of dissolvegher usiig electrodes often are

not reliable due tomerator error, and because instrument calibration measurements are not
typically recorded. He gigested usig colorimetric kits to measure dissolvedyggn to

avoid theproblems of electrodes. Wilson said that accywdprecision of the dissolved
oxygen measurements are not as essentiapasdeceable data. Hegefers the colorimetric

kits because thyeyield quick accurate measurements. He gisders that redox, rather than
dissolved oygen, be measured to assess the stabilizatipargé water.
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Ned Black (Rgion 9) asked whether the colorimetric kits should be usethae of the
electrodes. Wilson pied that the colorimetric kits should be used; otherwise, dissolved
oxygen should not be measured.

Izraeli asked whether there areygmnoblems with usig a colorimetric kit because a flow-
through cell is not used and tlgeound-water saple may be exyosed to atmgsheric
oxygen. Wilson indicated that the introduction of atpteeric ox/gen can be avoided if the
sanple collection tube iplaced at the bottom of the flask, and the flask is filled until it
overflows and diglaces the copromisedportion of the sample.

Dissolved Wdrogen Measurement

Wilson explained thaproper dissolved ydrogen measurements will indicate whether
reductive dechlorination is occurgno the extenpossible. Low lgdrogen values are
indicative of insufficient dechlorination. Wilson noted that dissolwattdgen
measurements should be made within 30 minutes gflsasullection; therefore, an on-site
laboratoy is necessar He added that he and Barbara Wilson (SPRD-Ada) are gavglo
sanple collection techmjue that allows for off-siteydrogen anaysis. The techigue
involves sealig the gringe hole with silicone tprevent the infiltration or leakg ofgases.

Wilson indicated that the ambient tpemature at sapte collection time will affect the
dissolved lgdrogen measurement. He ynaeed to pecify an allowable teyperature rage
for the anasis in the SOP. In addition, the gales should be shielded from the sun.

Worksha on Natural Attenuation of Groundwater Contamination

Wilson said that the antgatedproduct of the pcoming Worksh@ on Natural Attenuation
of Groundwater Contamination in Denver, Coloradodést 19-21, 1997) is a set of ORD
issuepapers that will recommend the QA/QC neceggarevaluate natural attenuation
issues.

Case Stug

Wilson presented the KL Avenue Landfill site as a caseystadplume characterization.

The landfillplume has contaminated sevepalate water wells. Extensive 3-dimensional
profiling will be conductegbrior to positioning monitoring wells. A branched alkane was
selected as a tracer based on the suite of contamprasent at the site. The tracer will be
used to document whethepigeviously contaminated monitorgwell is no lorger

contaminated. Wilson said that he believes site characterization should constitute 30 to 40
percent of theroject costs, includigpremediation.

Rene Fuentes (R®n 10) commented that the vertigaobfiling and tracer gproach is
reasonable for thpurpose of research, but it cannot bgiemented at most sites because
PRPs are resistant to instadjiadditional wells angaying higher inveswation costs. Wilson
replied that the burden giroof is on the PRP for shovwgrthat natural attenuation is
controlling theplume.

Davies asked whether dechlorination of chlorinated solvents would affect the use of chloride
as a tracer. Wilson said that the concentration of chloride regftritim dechlorination is
insignificant in conparison to tracer concentrations.
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Draft Technical Protocol for EvaluatilNatural Attenuation of Chlorinated Solvents in
Ground Water

Curt Black (Rgion 10) mentioned that he was concerned thgir€i2-4 in the draft
protocol, which dgpicts general areas for collection of screendata, mg imply that six
monitoring wells are recommended for the characterizationpidime. He noted that edits to
the figure have been made, and the monigpvirll symbol is now labelled as a
“representative sapting location.” Wilson indicated that thegfire is not intended to ggest
that ony six wells can be used to characteriz#uane at a site of ansize.

Wilson clarified that therotocol was oginally develged to address risk-based assessments
for CERCLA sites and was not intended as environmental restoration. He said that a
paradgm shift resulted in the consideration of environmental restoration.

Wilson explained that the future of th@otocol has threepbions:
1) It will receive an ORD number indicagjit is an ORD regort.

2) It will not receive an ORD number and will cease to exist as an EPA document. In this
option, neither John Wilson’s nor Don Kaivell's (SPRD-Ada) names willppear on
the document.

3) The document will be reviewed and re-reviewed until it is@tabée to all involved.

From Wilson’spergective, @tion #3 is nopossible because the contract is opent and
there are no funds to conduct the reviews.

Willey indicated that he @ects numerous comments to revision 2 of the grafocol in
order to removeolicy-specific larguage. Davies concurred that tpeotocol cannoproceed
“as is” with larguage that contradicts EPpolicy. As an exarple, Davies cited the use of the
terminolay “points of conpliance,” notirg that the entirgplume must be considered in
Syoerfund. Fuentes gigested the use of the terperformance monitorigwell” instead.
Izraeli said that the exasie of an on-site construction worker agagential recptor in
Figure 2-5 inplies thatground water will never ngrate bgond the site boundgiand that
future land use alwe will be controlled. She added that undepe3tund, a site is defined
by the extent of contamination, nopeoperty bounday. Ned Blackpointed out that the
protocol ignores ecolgical risk, inplying that because the site is a miltamstallation, the
potential for ecolgical risk does not exist.

Wilson reponded that he will edit thgrotocol to be consistent with ERgdlicy. The
Ground-Water Forumgaeed to corpile one set of consistent comments from the Forum
members angrovide them to Wilson for incporation into the current drgftotocol. The
Forum also greed to contact the Federal Facilities Forum to solicit tlyegesment on
revising theprotocol. Davies sygested that thprotocol be issued in cqumction with the
OSWER directive.
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Beta Testig

Wilson noted that beta tesginas reuested g the forums, is currentlbeing conducted at
three sites:

1) Twin Cities Arny Ammunition Plant (St. Paul, Minnesota), which has ge@rCE
plume;

2) Woodlawn Landfill (Cecil Count Maryland), which has a lge vinyl chlorideplume;
and

3) a solvent reecling facility (Muskegon, Michigan), which has a NAPplume consistig
of toluene and PCE.

He exlained that the first two sites were selected for tgsigtause thground-water
plumes are contained in fractured bedrock, which is not cuyradtressed in the draft
protocol.

RTDF Course and Protocol on Natural Attenuation

Kremer rgorted that the Remediation Techrngits Develpment Forum (RTDF) would like
to present a course on natural attenuation to tlggoRe in the $ring of 1998. However, she
said that ORD and OSWER do not wanpt EPA’s stam of gpproval on the RTDF course
or theprotocol that are begqdevelgped. (Without EPA’s spport, the RTDF name cannot be
associated with the course.) Wilson added phatite conpaniesparticipating in the RTDF
view the AFCEBRprotocol as too conservative, soyigan to develp their ownprotocol.
Kremer eylained that ORD is suffergnfrom budyet cuts and must levaga their available
funds. As a result, ORD would like to maintain EPpésticipation in the RTDF in order to
obtainprivate sector fundig

The Ground-Water Forum pressed concern to Kremer and Wilson becauseweee not
informed of the RTDRprotocol. Fuentes mentioned that he had not heard qidiecol
until he was in ngotiations at a meetiwith theprimary authors of the document; he felt
that this compromised his abilit to negotiate. Vandgrool said that the lack of
communication between ORD and thegiRes results in thperception that theprivate
sector can use ORD dainst” the Rgions. Kremer recommended that thegieas contact
her or Wilson rgarding natural attenuation issues.

GROUND-WATER AND FEDERAL FACILITIES FORUMS JOINT SESSION

Communications Scott Maguess (Rgion 7) chaired @oint session with ORD to discuss the need for a
Strategy Session communications stragg andprotocol for ensurig timely coordination between the genal
with ORD RPM and ORD researchers whoyrze workirg at federal facilities where natural

attenuation is bemconsidered.

Marquess eglained that the Air Force and the Ayr@orps of Ergineers have degnated
natural attenuation as présunptive remeg,” and cite Ada's involvement at sites as
indicative of EPA endorsement. He added that ORD and thef&emusipresent a
consistenposition to these federagencies. The glectives of the discussion were to (1)
have the Forum members learn from ORD how ORD balanceshetations of their
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federal-geng “customers” gainst the egectations of the EPA R@ns; (2) develp the
framework for a formal ORD/Rgonal Communications Stragg; (3) clarify specific
technical concerns; and (4) discuss mutugctives of technical-gyort reviews of
documents and recommendations transmitted to the TechnmadrSCenters p the
Regions. Maguess said that the Forums desire better communications and a mutual
understandig of the businespractices of the Rgons and laboratories.

How Laboratories Work With Federal Facilities

John Wilson eplained that ORD works with other federaieacies throgh formal

Interageng/ Agreements (IAGs), whichpecify the scpe of their mutual rggnsibilities and

ary financial exchages. He said that NRMRL has an IAG with the Air Force Center for
Environmental Excellence (AFCEE) topgort the scientific devefament and testoof a

natural attenuatioprotocol at Air Force sites. He stressed that ORD is not gritia

protocol. Clint Hall, SPRD-Ada’s LaboratpDirector, added that ORD enters into IAGs

only when there is mutual interest that is consistent with the labgsatoission. ORD is not

a “consultirg” organization, and its sole interest with AFCEE is access to suitable field sites
owned ly the militaly. He said that the Air Force and the Coast Guard reimburse EPA for
ORD's activities.

Jim Barksdale (Rgion 4) said that his Ron hasprovided the Athens laboratowith
access to federal sites. The advgettr the laboratgrto go throwgh the Reion is to ensure
coordination between the scientists and RPMs, alert ORDytei@npecific conplications,
and demonstrate to the other fedegdray that the EPA scientists are worgiwith the
regulators. Wilson acknowlegpd that the siplest wgy would be for the Rgons to
nominate suitable sites for ORD's selection. Kremer said that ORD sepestr® all 10
Regions about twgears go seekilg assistance to locate suitable sites, but there wgs ver
little reponse. She added that there is incregasiterest in natural attenuatiopmrtunities.
Wilson said that ORD's research is not intended to influence yesaedettion, rather to hel
the site manger obtain necessadata to understand tipeocesses and techngles. He
acknowleded, however, that he could see how the research results would flow into the
decision-makig process.

Marquess asked who SPRD-Ada’s “customer” is at the Air Force sites. Hall said that ORD
has maw “customers”—the Pigram Offices, Rgions, and scientific commugitORD tries

to understand how contaminants behave, tlyeraproving the basis of geng/ decisions.
Wilson added that various ORD Assistant Administrators have stressed various missions
(and “customers”) for ORD. Steve SmefifORD/NRMRL/SPRD/Ada)pointed out that

Ada works for EPA. When on an Air Forpeoject, thg are not workig for the Air Force—
they are scientifigoartners. Wilsorpointed out that SPRD-Ada's work with the Air Force on
natural attenuation ocpiges about 3 FTEs and about $500,000 in ORD funds; AFCEE
contributes another $100,000 to Ada dingtilit has gent over $2 million on their own
contractor tgprovide data to Ada.

Craig Thomas (Rgion 5) said that the Forums have fetaored in thegpast on Ada's natural
attenuatiorprotocol research with the Air Force. Wilson said that he did not realize that the
Federal Facilities Forum existed until the Dallas conference last winter; he intendeghino sli
and eyressed willigness tgrovide all data to the Ry@ns. Wilson asked the Forum
members t@rovide Rgional contact lists for all federal sites. Thomas did not think that
would bepractical, but sggested instead that ORD to contacy ahthe Forum members for
referral to the ppropriate RPM.

10
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Thomas asked Wilson fwovide a comlete list of sites that Ada used to deyetbe natural
attenuatiorprotocol; he sggested that the data that Aplevided the Air Force were not the
same as the data that the Air Force submitted to tg@iRRe@cTIiON : Wilson areed to

submit the list of peratirg units that ORD visited, as well as the data from those locations,
but cautioned that the Air Force ynaavegenerated data from other sites that ORD did not
visit.

Izraeli said that there wasparception problem with Ada's role with AFCEE on tipeotocol.
She said that the Ground Water Forum had been wpvkith Ada since 1990 to devgl@a
protocol, but thaproject was drpped ty the laboratgr. When the Forum saw the Air Force/
Adaproduct, thg felt that Ada had abandoned the Forum as its client in favor of the Air
Force. Wilson said that the AFCHiotocol waspatterned after the St. Jgbe(Michigan)
site. The research was mautessible due to the Technglplnnovation Office's soport of
the Bioremediation in the Field initiative, because ORD could not afford it alone. Hall
pointed out that thprotocol would have been no different had it been done with EPA
funding alone. It is degned for lage plumes and would be overkill for small sites without
NAPL sources. Izraeli felt that thpeotocol needs to state @hcitl y its context within the
CERCLA process, includig reference to the nine remedvaluation criteria in the NCP.

Meghan Cassig (Region 1) acknowleded that what the Forums were hegrirom Ada was
comforting, but she rpeated their concerns that the serviceg bemisr@resentiig Ada's
results. She attributed the tension between tlgioRe and ORD as stemngiirom the wg
that the Air Force is gesentig theprotocol as gresunptive remed and inplicitly
endorsed Y EPA. She diglayed the AFCEE Matrix that has become offigaldance for
the Air Force and Cgs of Emgineers, showig that natural attenuation is thepstiated
remed for virtually all situations. She noted that AFCEE pesmulgated gpolicy requiring
site mangers toprove that natural attenuation will not work beforeytban select another
remed. She said that thigolicy conflicts with the NCP, andykxiting Ada's involvement,
gives the inpression that it has EPA's endorsement.

Cassig presented guick overview of the FeasibilitStud/ (FS)process and the nine
criteria required to evaluate remgdeasibility. She eplained that the F$rovides the basis
for identifying apreferred alternative, pports the final selection of a remedial action, and
provides the basis for the formal Record of Decision. The F$jisreel to address nine

criteria:
Threshold Criteria Balancirg Criteria Modifying Criteria
» Overallprotection of » Log-term effectiveness  « State aptance
human health and the apdrmanence » Commupgiaccetance
environment * Reduction of toxigit
» Conpliance with mobiliy and volume
“applicable and relevant thrgh treatment
alternative rquirements” e« Short-term effectiveness
(ARARS) * Inplementabliy

e Cost

Cassig stressed that how natural attenuatioprésented to thpublic is vey important,

since mag communities see it as a “no action” alternative. She said that the services are not
providing necessarregonses to rguired criteria. Pecifically, they do not address the “time

until remedial action gkectives are achieved” (under “Short-Term Effectiveness”), or

11
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“ability to monitor effectiveness of remgti“ability to obtain @provals from other
agencies” (both under “Iplementabiliy,” and “present worth cost” under “Cost.”

The Air Force has not demonstrate@ anwestment or interest in Igrterm monitorirg, and
there is gerception that the Air Force sees natural attenuation as sorgettuan walk
awgy from after selectigit. Also, if a state has ampprovedground-wateprotectionplan, it
has delgated authont onground-water resources. Workjmvith these states gartners on
such issues gganning, remeg selection, and datuality ojectives will become
increasigly important. On cost, the Air Force is not considgiiong-term @erations and
monitoring costs. Rgions have gined RODs pproving natural attenuation with the
assunption that the service would conduct ¢gterm monitorimg, only to learn afterwards
that the service had no intention of dpso. Cassig pointed out that a recent fpector
General audit of OSWER and ORD criticized EPA's role in overgekita collection at
other federal sites.

Hall suiggested that the Ry@ns'problems seem to be directed at the services, and asked
specifically what thg expected from his laboratpr Cassig replied that the Rgions do not
want to be syrised ty ORD's involvement, results, or data. She asked that the laboratories
submit their draft worglans, and all their data and results to thgi&es at least as egras

they send them to the other federgeéag. Shepointed out also that the RPMs often have
historical knowlede and information about the site thatytlvanprovide ORD. She wanted
ORD to understand that what yhenay perceive as “research” will bepeesented ypthe

services as a FS. Wilsonpegssed considerable ptise that the wonlans and data tlye

sent to the Air Force was not shared with thgi®e Smellirg pointed out that ORD
laboratories collect opla small fraction of the data for other federal sites.

Doug Bell (OSWER/FFRRO) gigested that EPA has more issues with the Air Force than
with others about how the Air Force tends to npsesent data. Rpons ma not become
aware of ORD's involvement at Air Force installations unty tleeeive a feasibiljt study
from the service. He stressed that AFCEJgal is to reduce lagterm gerations and
monitoring costs. EPA is yiing to force the Air Force to confirm thatyaremed is working
properly. While EPA can mandate such monitggias gpractical matter, EPA cannot
enforce it. Consguently, EPA must ngotiate these issues with the Air Force.

Hall asked if the Forums felt that the natural attenugdiotocol was flawed either

technicaly or philosgphically. Bell replied that the concern was not with ghr@tocol itself

but in thepresunptive selection of natural attenuatioy the services. Natural attenuation is

a lggitimate technolgy, butjust one of maypotential remedies that must be considered site-
by-site.

One of the laboratgrparticipants noted that theroblems the Rgions were describmwith

the Air Force went bend natural attenuation toganeral unwillirgness to monitor lag
termperformance. Paul Leonard (§ten 3) acknowleded this;yet noted that the Air Force
has “lead geng/” status, and therefore hgeeater flexibility to make decisions and EPA has
less.

Don Canpbell (ORD/NRMRL/SPRD/Ada) eptained that before Ada conducted the site
characterization for the Air Force, an Air Force contraptgpared the worlplan, which

was sent to Ada for comments. Ada would have shared thephaorkvith the Rgion, but

did not know that the Rgon was not alreadinvolved with the Air Force, and did not know
whom to contact at the Ben. When the studwas finished, the Air Force contractor sent

12
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the final draft rport to Ada for comments. He stressed that Ada does not recommend natural
attenuation to the Air Force for all sites.

Hall asked if the situation with the Blens and the Air Force would be different had there
been no ORD involvement. There wgeneral consensuy ithe Forum members that it
would have been different because the Air Force uses ORD's involvement aga stron
barmaining tool and wede to overcome Rgonal neyotiating positions.

Herb Levine (Rgion 9) said that it was epaso address instances where RPMs were not
aware of ORD's involvement. ORD scientists should contgcEFarum member for a
referral to the RPM if ORD did not know who the RPM was.yJéones
(ORD/NRMRL/SPRD/Ada) said that if theqeest for site involvement comes thgbuthe
TSC, thg always notify the Region. Kathy Davies (Rgion 3) concurred, notgthat she has
received cpies of all of Ada's activities in Ren 3 that went thragh the TSC. Izraeli
pointed out that theroblem arises when the RPM does not initiate thaest. Luanne
Vandepool (Region 5) siggested that in some situations, the RPM/a at fault. She said
that the coordination between Ada and the RPM at the Sphleie is workig well.

Communications Stradg

Wilson asked the Forums to develd “strawman” communications strgiethat the would
like the laboratories to agbto improve communications and coordination. Ben Blane
(ORD/NRMRL/Cincinnati) sggested that the strawman could be reviewethe ORD TSC
directors at Las Mgas, Cincinnati, and Ada. There was some reluctap€@RD to commit
to aprocedure on thepst because not all TSCs and laboratories wegnesented.

In general, the communications stig¢evould include three sps:

1) Laboratories would contact the gRaens prior to concludig ary research arrgements at
a federal faciliy. All coordination wouldyo throwgh one of the TSCs.

2) There would be an egrteleconference scheduled the laboratgr and the RPM to
obtain the Rgion'spergectives and discuss j@ttives opossibleproblems.

3) The laborator would provide a draft of its wonblan to the RPM for review and
comment.

4) Nothing in the stratgy would prevent ORD from conductgnary scientific research with
ary cogoeratirg partner.

Vicki Lloyd (OAR/ORIA/Mongomely) pointed out that IAGs maenconpass sites in
several Rgions, that field sites nyanot be identified until after the IAG isgsied, and that
the National Air and Radiation Environmental Laboratisrnot intended to conduct
research, rather to conduct field syyw®f radiolgical data. She added that her labornator
and TSC does encogacommunications with RPMs as well as th@iBe's radiation
representative.

ACTION : Jones will initiate a teleconference of all TSC directors and the laboratories to find

out if there would be gnoljections to the communications statend to obtain
concurrence on tharocess. Cassydsaid that the Forums will draft a strgyeand forward it

13
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to the laboratgr TSCs for comments. Thewill also participate in theplanning
teleconference with the laboratories and TSCs.

Cassig also asked if the Forums could receive the wekighlights from Ada. Jim
Williams (ORD/NRMRL/SPRD/Ada) indicated that theghiights are available on Ada's
Home Page evey week.

Jon Josghs (R@ion 2) said that he is ganizing a natural attenuation workghon Denver
August 19-22 to review the AFCHgtotocol. Josphs noted that some TSP Forum members
are on thgolanning committee and encouged aryone interested in commengion the
protocol to contact him with their comments.

Reviews of Technical Syort Documents

Davies asked the Technicalgort Centers to idengfon all technical reviews the names
and technical displines of the actual authors of thepesse. She indicated the grens’
desire to know if themnion and recommendations enqaass more than one field of
expertise.

Specific Areas of Confusion

Herb Levine (Rgion 5) listed a number of ovedping activities relatig to natural
attenuation, and asked for ORD's status apthaation of how these activities are
coordinated:

» Ada's work on the AFCERrotocol

» The Remedial Technajes Develpment Forum (RTDFprotocol
» RTDF's trainiig course on natural attenuation

» Ada's trainig course on chlorinated solvents

» Cincinnati's trainig course on chlorinated solvents

» Two Ada fact sheets on natural attenuation

» Jon Jogghs's natural attenuation workgho

* OSWER'golicy directive on natural attenuation

* ASTM's natural attenuation methods for chlorinated solvents
» Ada's ‘primer” on microbiol@y for hydrogeologists

» Ada's “technicaguidance” for natural attenuation

Fran Kremer eplained that the RTDF activities involve collaboration agm@RD,
OSWERI/TIO, and severativate and other federagjancies to levege resources. The
bioremediatiorgroup originally intended to focus on research, but has shifted more to
outreach activities. ORD and TIO became concerned oveetiqgective of collaboratig
with them, so EPA will no loger participate on thegrotocol or trainiig. Theprivate partners
will proceed without EPA's involvement.

Wilson said that the AFCEE/Adaotocol will be reviewed carefyllby the Federal
Facilities and Ground Water Forums, andytBleould be free to revise or excise aneas
that mght conflict withpolicy or insert ag clarifications about suitabiiitfor remedies. He
said that Ada will thepresent this reviseprotocol to AFCEE and allow them join with
Ada under EPA's terms. Otherwise, Ada will not be puolisher. He acknowlegkd that
this reflects a chage inposition for Ada, but stressed that Ada wants to demonstrate its
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affiliations. If AFCEE accpts EPA’s terms, thprotocol will be arpublished as an EPA
document.

Jos@hs did not feel it waspgropriate to include anPRP's name as co-authors of EPA
guidance. Davies felt that if th@rotocol waspurely technical, there is gofe precedent for
joint publication—she cited the Handbook for Groundwater Monitgpaind the WasteTech
monayraphs. Jeff Heimerman (OSWER/TI@dinted out that therotocol reoresented the
best available science. If it is nmiblished ly EPA, RPMs and PRPs will be forced to
depend on someone else's methods.

Jery Jones said that Ada’s natural attenuation fact sheets ageviréilen by the same
pegole who are involved in John Wilson's threeraeorksh@ on chlorinated solvents—the
are almost finished, but are basic and do not address contropehsxlimplications. Ada’s
natural attenuationgtiidance” was intended as an intermedpteluct in terms of detail
between therotocol and the fact sheets. However, if phetocol is issued garatey by
EPA, the ‘guidance” willprobably become the EPArotocol. Jonegointed out that the
protocol,guidance, fact sheets, and tramgre all inter-related and somewhapeiedent
upon the OSWERolicy (which has not been finished).

Fran Kremer said Matt Small of Bien 9 is involved with the ASTNbroject to develp a
method for natural attenuation of chlorinated solvents. Gassid Rene Fuentes (§len

10) pointed out that an Executive Orderyrand EPA to comliance with the method, and
Ken Lovelace (OSWER/OERR) confirmed that the OERR natural attenuation directive will
be consistent with ASTM.

Kremer said that NRMRL/Cincinnati's natural attenuation trgirsrbeirg readied for mid-
1998 onground water, soils, and sediments. It will@rasizeground water because more is
known. NRMRL antigpatesproviding the trainirg to six Regions, with about 400-500
peqole per Ragion. It will begin to notify the Regions and coordinate with them agts
closer to finishig the trainirg course. B the end of 1997, Kremer pes topublish a natural
attenuation screenyrdocument for soil and sediments for RPMs. Sipta@ixed that
Cincinnati's trainig is different from Ada's which is a smaieup worksh solely focused
onground water.

Marquess asked where the momentum for natural attenuation isgcbonm and Kremer
explained that the geng is receivirg pressure from mgulated communities. ORD is
concerned that the undgrg science is inadpiate, so it has lgen intensive research
projects. Kremer felt that ORD is comfortable wgitound water but behind in soils and
sediments. Davigsointed out that othergencies—NOAA and the Fish and Wildlife Service
—that are involved in sediments.

AFCEE Peer Review

Craig Thomas (Region 5) rgported that at an pril meetirg with AFCEE on peer review,”
the Air Force identified Ada gmrt of theirpeer review team. Thomaspained that the Air
Force's use of the ternpéer review” inplied remeg-selection overght and aproval, not
scientificpeer review as the term is understood at EPA. Furthermore, Thoplamed that
AFCEE reuirespeer review for all remedies thatght cost more than $400,000 (virtyall
all sites). Thomas asked Ada for amplexation of their involvement with AFCEE.
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Jones and others at Ada indicated that there has been no involvertientdboratoy in
severalyears, and thggast involvement would have been limited to scientific considerations,
not decisions affectmiremed selection. Jones indicated his intent to contact the AFCEE
representative to learn what AFCEE intendgddentifying Ada'sparticipation on theipeer
review team. Dog Bell (OSWER/FFRRO) volunteered to be an intermgdiamobtain
information on the AFCEIlgeer reviewprogram.

ENGINEERING FORUM SESSION

Roundtable
Discussion on
Thermal
Desorption

The Emineerirg Forum met with five thermal degaion vendors and one U.S. AynComs
of Engineers reresentative to discuss contract, daseand remediation issues associated
with thermal desqtion technolgy. A paper on this discussion is bgjnlevelged Ly the
Forum and will bepublished under sarate cover from these minutes. For pycof this
paper, please contact the Bmeerirg Forum Co-Chairs: Frank Vavra (glen 3), Steve
Kinser (Rgion 7), or Bob Stamnes (Bien 10).

WEDNESDAY, JULY 30, 1997

JOINT FORUMS SESSION

Reactive Barriers
Workshop

Site Characterization for Permeable Reactive Barriers

Bob Puls (ORD/NRMRL/SPRD-Adgresented “Site Characterization for Permeable
Reactive Barriers” to thpint forums session. Puls referred gneup to a fact sheet that
SPRD-Ada recenglpublished orpermeable reactive barriers (PRBs). The fact sheet
provides a baajround on the technaodpy, lists six installations at which it has been
implemented, and lists contacts and sources for additional information.

Puls indicated that arppropriate site characterization for PRBs involves the measurement of
hydrological parameters (such gsound-water flow direction, velogit and flux) and the
assessment of seasonal flow ajemand the effects of intermittgumping of nearly wells.
Thegeolagic settirg, including depositional environment and strgiaphy, must be
understood as well. Puls added thauiger mineral@y and the concentration of totalganic
carbon mg be used to assess theagtional environment. The measurement of
geochemicaparameters, such as the concentration of dissolvegeox carbonate alkaliyif
and sulfate, is also iportant for site characterization. Pulplkned that lgdrogen is a
preferred electron acptor, and a fgh oxygen concentration would result in an increased
precipitation of ferric lydroxide. An elevated carbonate alkalyniould result in the
precipitation of siderite or calcite, and an elevated sulfate concentration could lead to the
formation of sulfide. Finaj, the microbiolgy of the site must be characterized and the
presence of aerobic and anaerobic conditions must be assessed. Beneficial effects of
biodggradation should be considered, as well as detrimental effects, such as lajotitie
loss of barriepermeabiliy.

Puls noted that useful methods for site characterization include subsyatpbgsics and
push-tool sampling. The results of these invegiions should be npped and modeled to
determine thegimum PRB degn and monitorig well placement.

Josghs asked how dedhe PRBs can be installed. Pulplied that trenchig techngues
can excavate a PRB topdks of 40 to 50 feet. He added that there agmiog pilot studies
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to enplace barriers agreater dpths. Anotheparticipant asked if it is irportant to locate an
impermeable stragraphic barrier below the PRB. Puls indicated that the an widgrl
barrier is necessgrotherwise the PRB g@eh must be over degied.

PRB Desin Issues

John Vaan (EnviroMetal Technotpes, Inc.) indicated that the factors involved in PRB
despn include theytpes of reactive materialplume characteristics, and installation
methods. Vgan listed several classesgsbund-water contamination and the copawding
reactive materials used to treat them in PRBs:

organic solvents zero-valent iron, bimetallic quunds
dissolved metals zero-valent ironganic carbon

acid mine drainge omanic carbon

gas derivatives oygen-releasig conpounds
nutrients oganic carbon

Voganproceeded to summarize the reactions that occur when geaiound-wateiplume
through the use of the various materials. He indicated that thganiarchemisty of the
ground water, such as calcium, gnasium, alkalini, and iron, is also altere¢ IPRBs.
Vogan indicated that almostyaground-water modeligpprogram can be used to model the
effect of PRBs oground-water flow, buparticle-trackig models are commoynused.

Vogan discussed severgpes of PRB degns, includig continuous reactive walls, which
extend across the entipime; funnel andjate, which consists of a lopermeabiliy funnel
andpermeable treatmegate; and alternative dgsis, such am situreactors or the
GeoSphon cell develped ty the Westighouse Savannah River Cpary. Vogan indicated
that aboveground reactiveystems can be used but the effect ofg@natirg the pumped
water must be assessed.

Mallott asked what theypical duration of column tests are to evaluate the effectiveness a
PRB material. Vgan said that a stepdtate is usuallreached after 5pore volumes have
passed thragh the column. This can take three weeks or three to four montes)digg on
the flow rate angbermeabiliyy of the reactive material. Mallott asked if there are ayeera
degradation rates that can be useglace of conductig column tests. Vigan indicated that
enowh degradation rates have been calculated for comyatgsted contaminants such as
TCE and PCE. Kremejuestioned whether the source of zero-valent iron would have an
effect on dgradation rates. gan regplied that the millirg of the iron filings will certainy

have an effect on the rates.

Conpliance and Performance Monitogin

Puls indicated that coptiance andoerformance monitorignof PRBs is driven yregulatory
requirements; the focus of the monitagiprogram is on the site and c@irancepoints. Puls
explained that 2-inch diameter monitogimells with 20- to 30-foot screens aypitally

used for corpliance monitorilg. The screen is set so that a pentan be collected from the
targeted zone. Low-flow sapfling techngues areypically used to minimize drawdown. The
monitoring wells arepositioned pgradient, dowgradient, and crosgradient of theplume as
well as under the PRB. Puls indicated that caution must be used whaimgamells near or
under the PRB to avopllling water from within the barrier.
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Puls enphasized the iportance of corpliance monitoriig by citing an exarple of a site in
Elizabeth Ciy, North Carolina at which some cis-DCE andwichloride seped throgh the
PRB. The concentrations of yinchloride exceeded the MCL. Puls added thatg@mnce
monitoring should includeyeneral watequality parameters, such as cations, metals, anions,
pH, dissolved oxgen, and gecific conductiviy. He indicated that State of North Carolina
also reuested TCLP testgof the PRB reactive materials to ensure that no new
contaminants were introducedgmund water. Puls noted that cplmnce monitoriig at the
site has indicated that no sulfate or sulfide is gmgirfrom the PRB. These anions yriae
absorbimg to the zero-valent iron @recipitating and clgging the barrier. Biofoulig may

also occur.

Puls indicated that monitoignwells can be used f@erformance monitorig, butpreferaby
with multi-level sarplers. The wells are usuglsanpled usirg passive or sempassive
techngues. Performance monitognvells should focus on the immediate viggatf the

PRB. At the Elizabeth Gitsite, a 2-inch diameter well was installed in the wall. Dedicated
pumps were used to sgite the well, shortenopthepurge time and limitiig the area sapted
so that onj the water inside the PRB is spled.

Puls referred the workshgarticipants to DMLS, a commercighssive multi-lgier sanpler
available throgh Johnson Screen. Pulspiained that the DMLS is available in a 2-inch and
4-inch model. It consists of a series of PVCysa cells that are loaded with water and
inserted into the screened interval. The cells are later withdrawn for chemigaisriEhe
DMLS is suitable for lowpermeabiliyy aguifer materials and results in a minimum
disturbance of thecaifer and a hgh resolution of th@lume. Nopurging is required for the
DMLS, and it is adptable for sarpling mobile colloids. The DMLS can also be used to
estimate the vertical variation gnound-water flow velocit.

Performance monitorgqndevices should bgositioned to very that there are no leaks from
the PRB. Gephysics also can be conducted to enguoper PRB emlacement. A
conductiviy probe can be used to confirm “cle@isgince the conductiwtbetween the
aquifer and the zero-valent iron differg bver two orders of ngmitude.

Puls mentioned that bromide tracer tests can be used to evaluadrtndibs of the PRB
treatment gstem. It ispossible tgpredict the ppearance of a bromide tracer within 15
percent. At Elizabeth Gjt the tracer revealed that theund-water flow velocit was 10 to
12 cm/dg, which was close to th@edicted value, and 20-24 cmydérough the PRB.

Puls noted that the reactiyiof the PRB can be evaluateg imeasurig geochemical
indicatorparameters, ch@es ingeneral water chemistr surfaceprecipitates, and other
indicators. Puls said that scangiglectron microsqay can be used to examine surface
precipitates. A mixed chromium-ironyldroxideprecipitate was identified at the Elizabeth
City site.

Sean Hgan noted that angaifer may consist of Igers of vaying hydraulic conductivy. He
asked whether PRBs isolajithe permeable Igers could be installed. Pulsplied that this
was done at Elizabeth @jthowever, he cautioned that thleme and stragiraphy must be
well-characterized to use thip@oach.

Mallott asked whethguerformance monitorigpis necessgrat non-test sites. Pulsgained

that the amount gderformance monitorigpdeclines over time at a site and with the
technol@y as a whole. He indicated that a lofpefformance monitorigis needed initiayl
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at a site. He added that one should gpdie that compliance monitoriig is alwgys needed
and that some level gerformance monitorigithat declines over time will beqeired. In
regonse to auestion from Dog Bell, Puls indicated that the dgsilife of a PRB cannot be
estimatedyet.

Field Scale $stems

Vogan indicated that sigilot scale and six full scale PRBstems have been installed at

sites. The treatment costs for thegstems rage from $435K to $2.1M. Factors affedin

the cost include construction and the reactive iron used for the wall. Construction gpsts var
based on dewategmeeds, materigllacement, health and safgirecautions, unforeseen
conditions, water and soil gissal, disrption of site activities, and other factors. To save
costs on reactive iron at one site, the iron plased at the bottom of the flow zone, and
high-densiy polyethylene waglaced in the pper zone to direct water toward the iron.

Vogan said that the cost of a PR&m can be coparable to enhanced bioremediation.

Vogan cited the Waterloo Field Trial in 1991 as the first field sgagem. The ystem’s
PRB consisted of 2@ercent iron and 7Bercent coarse sand, and was not oriented at an
argle of 90 dgrees to thelume axis. The field trial resulted in the decrease of PCE and
TCE and the increase of chlorideground water. Some DCE was detected in the treated
ground water, but viyl chloride was not. There was no indication ghgicant precipitation
or biofouling.

Vogan said that PRBs less than 50 feefpd=s be constructed/lirench box, continuous
trenchirg, in situreactors, caissons, and Ggwfin cell methods. For gihsgreater than 50
feet,jetting techngques, mandrel/tremie tubeydrofracturirg, soil mixing, and modified
slurry wall methods can be used.

Vogan mentioned that the RICE Consortium is fugdhre investjation of sguenced

treatment zones, which combigenular iron with othein situtechnolgies. He cited the
exanple of s@uenced treatment zones at the Naval Air Station-Alameda, which used an iron
PRB zone followed ya biogparge zone.

The geration and maintenance of a PRBtem involves r@ivenation, which maconsist of
mechanical restoration, closed-oitushing, or replacement of the affected section.gam
indicated that fieivenation must be conducted gvéve to tenyears in most environments.
He added that althgh precipitates ma decrease thpermeabiliyy of the PRB, research has
shown that the iron remains reactive.

Sean Hgan (Rgion 9) asked whatroblems m# be associated with jrevenatirg the iron.
Vogan indicated that no teclyuie has worked well to jg@venate the iron. Acid solutions
must attack the carbonate, but not the iron. Mechanical mearjs\#mation, such asdh
pressurgetting or use of solid stem gars to loosen the iron, mae feasible and less
expensive than chemical means. Puls clarified thapBagdata has not shown much
precipitate buildy in the PRB gstems thus far. \gan pointed out that the need for a cost
estimate for rgivenation arises whepreparing a 30year cost comparison with other
treatment technotgpes.

Jos@hs asked whaypes of barriers argood for treatig carbon tetrachloride and whether

bimetallic conpounds can be used to treat dichloromethangaWandicated that zero valent
iron works for carbon tetrachloride, but not several of the other chloringpbatadi
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compounds. He said that bimetallic cpounds mg work to treat dichloromethane, but are
expensive to use.

In reponse to auestion on the lifegan of the PRBystem, Puls indicated that it had to be
proven that trivalent chromium would not be oxidized to hexavalent chromium at the
Elizabeth Ciy site. In addition, it had to be shown thatgngicant amount of maganese
oxide was nopresent because it can reoxidize trivalent chromium.

Elizabeth City Bob Puls discussed remediation work lgeionducted y NRMRL/SPRD-Ada at an old
Permeable hard-chromeplating facility located on the U.S. Coast Guargfart Center near Elizabeth
Reactive Barrier City, NC. A field test was conducted inggember 1994 at the site to evaluateithsitu
Case Study remediation ofjround water contaminated hexavalent chromium usirapermeable

reactive barrier. This field-scale test was successful and a full-sqaémentation of the
technolg@y began in late pring 1996.

The fieldproject involved the installation of 200 linear feet of zero-valent irorgilas a
permeable treatment wall dogmadient from a thin and shallow TCE and chromplame,
which had bgun to mgrate off the base into the tidal waters of Albemarle Sound. The wall
was conposed of two kinds of iron-metal (one from Ada Iron and Metal in Ada, OK, and
another from Masterbuilder’'s gy in Streetboro, OH) coarse uniform washed sand, and
native guifer material. In addition to the TCE and chromium, chlorinatgeroc

compounds, such as trichlorogtbene (TCE), cis-dichloroettene (c-DCE), and vl

chloride were alspresent and slated for treatmemtthe wall. Performance monitogrof

the wall was conducted to evaluate ajemin contaminant concentrations agdeous
versus soligphases, angke hydraulic chages, and examine mass balance arglatkation
pathways. The followirg results were seen:

» decrease in Cr(VI) concentrations

* increase in Fe(ll) concentrations

» decrease on Eh

» slight increase ipH levels

» decrease in dissolved ygen

» presence of sulfides onkfter treatment

» decrease in sulfate concentrations

* increase in alkalinyt, | addition, results showed that some natural attenuation of the
contamination was occurgnbut it was not sufficient to cleamp the site.

Bob Stamnes (Rgon 10) asked whether there way dlactuation in the River/Tidgblane.
Puls said there had been and thay thed been ting to get fundirg to examine how this
affects the site. Stamnes then asked how tee=wall can b@laced. Puls noted that the
received three bids from vendors; one caydds dep as 20 feet, the one chosen cogid
down to 24 feet, and another coglaldown to 26 feet, but was not wide egbdor the site.

Neil Thonpson (Rgion 10) asked how much tide clygnoccurs at the site. Puls noted one
foot at the maximum. Thopson then noted that in Ben 10, 12 foot tidal chages can
occur, which causes daening quite quickly.

In reponse to auestion, Puls noted that thdid not conpact the iron filirgs; they were
poured direct} into the wall.
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Reductive
Dehalogenation of
Chloroethene in
the Subsurface

Enhanced
Bioremediation
for Petroleum
Hydrocarbons:
Treatment
Strategies

Guy Sewell (ORD/NRMRL/SPRD-Adg)resented a discussion on reductive dajeiation

of chloroethene. He g@lained that thiprocess is based on use of anaerobic transformations,
which reguire electron donors (contaminants) and electronpoxe(.e., metals and

sulfates) to drive thprocess. Sewell noted that since most contaminated areas do not have
uniform distributions of fdraulic conductivig or contaminants, one can use a dual tracer
system usig injections of bromine and iodine to examine the differgrergof the

subsurface. An jection and extraction well can be installed to force flow thindow-flow
contamination Igers usiig horizontal wells.

The ystem has been successful at decrgasamcentrations of viyl chloride, metlglene

chloride, cis1-2 DCE, ethene, and TCE. A decrease in toluene, however, has not been seer
but researchers believe that this is because toluepe dréle the deha@enationprocess.

Ethane concentrationppear to stg constant over time when ugithis technolgy. The

technolay costs aproximately $50,000, not includimanaysis. It has alreadbeen

demonstrated at DOE’s Pinellas, Florida, site.

Jon Josghs, Rgion 2, asked whether DOE is stijperatirg the ystem at Pinellas and if so,
what isprojected to hppen when it is shut off. Sewell noted that glet alread/ has been
shut down and the site befgmto Pinellas Cougt There has been some discussion about
continuedpump-and-treat, bioremediation, or a combination of these two teatias|dut
DOE will decide. There anglans to retest the cluster wells to see if there is a rebound of
contamination. Thgoal is to obtairperformance data oyl not to run theystem throgh
conpletion.

Sean Hgan asked whether thgsgem is reag for full-scale aplication. Sewell saiges,
noting that DuPont has had success with §stesn alreag. However, there has been some
criticism about lack of data.

Bob Puls asked whether thgstem has had different results for different contaminants and
concentrations of these contaminants at differeptihde Sewell said that this hagpaned
due to ipection of electron donors. In mEmse to auestion from Dick Willg, Sewell noted
that there has been some indication of natural attenuation ogcatrtime site.

Steve Hutchins (ORD/NRMRL/SPRD-Ada) noted that natural attenuatigmuotabccur at

rates fast enah to achieve mgulatoly standards. Therefore, it needs to be examined in
conjunction with other technogpes. Hutchins then noted that both active remediation and
natural attenuation gaire thorogh site characterization to determine paaticular

technolay will work at a site. For exaphe, if natural attenuation is bgjrtonsidered, one

needs to determine if there is a sufficient micropagiulation in the subsurface for natural
attenuation to occur. Hutchins then noted that even if sufficient mganisms ar@resent,
natural attenuation rates still gnaot be sufficient to remediate a site withipaaticular set

of time. Hutchins thepresented a few case studies where natural attenuation has been used
in corjunction with active remediation.

The first case stydpresentation was for a United States Coast Guard Site in Traveyse Cit

MI, where a 10,00@allon petroleum gill migrated off site to Grand TraverseyB&atural
attenuation was occurgrat the site, but at too slow of a rate. Therefore, an interdiction
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field was installed. Active remediation wasplemented pgradient of the field, and natural
attenuation was allowed to take over dgvadient of the site.

The second case syud/as conducted at a site in ParkyCKansas. Here, gipeline leak
created a five-acre contamingfitme. The site was metaboligalictive but natural
attenuation still was not occurgriast enogh. To address th@oblem, a drinkig water
well was shut down, and the area is curgentidegoing active remediation.

The third case stydwas for a site that iplemented what Hutchins called “Facilitated
Natural Attenuation,” or FNA. He @lained that this is an “in-between” techngyathat
implements both natural attenuation and active remediationgddief this stugl was to
mitigate some of the site contaminants and then allow natural attenugtiocdéed. The
objective was a low cost, low maintenance, and low teclgygimcess.

The stug was conducted at a site with a fuel contaminatedfer. Active remediation
consisted of a reactive barrier walprigkler systems, anghhytoremediation. Durig the first
four months of the styg not much biodgradation occurred due pant growth and deca
However, sod was removed from areas of intense contamination to facilitated¢ass of
getting nitrate into the subsurface to drive bigaalation rates.

ENGINEERING AND FEDERAL FACILITIES FORUMS SESSION

Phytoremediation Bruce Pivetz, ManTeclpresented the Forums with an overview of the widgeaof
: Principles and phytoremediation technofpes, includirg phytodegradation (dgradation withinplants),
Case Studies rhizodegradation (dgradation within roots)phytovolatilization (tranpiration and

volatilization ly plants), rhizofiltration (immobilization in the root zone) gpigytoextraction
(metals ptake into theplant). He eplained thaphytoremediation is the direct or indirect
use ofgreenplants for than situ or ex situremediation of contaminated s@toundwater,
surface water, wastewater, or air. It is an gngrtechnolgy that mght be an effective,
low-cost remedial alternative at mahazardous waste sites.

Pivetz eylained thaphytoremediation can be used fordnologic control and soill
stabilization. It also caprovide a “veyetated” c@ or be used as a natural attenuation
technolgy. Phytoremediation can be used to remediaganic contaminants, such as
pesticides, chlorinated solvents (TCRgtroleum lydrocarbons (BTEX), PAHs, PCP, PCBs,
and munitions (TNT, RDX, and HMX); and irganics, such as such as hgawetals,
nutrients, radionuclides, and selenium. In additpsaliminary research sygests that
phytoremediation mybe successful at remediaimixed oganic waste and metals
contamination.

Pivetz noted that full-scale pfementation of all forms gbhytoremediation has nget been
acconplished. Since it is an engeng technolg@y, most work inphytoremediation has been
at the research level in the laborgtor on small-scale fieldlots. Pivetz then noted that
research eperience with remediation of metals is more extensive than for gibes of
contamination. Less work has been done wlitytoremediation of gganic conpounds,
although some laboratgror field experiments have been conducted with contaminated soil
from Siperfund sites.
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EPA’s SITEprogram has conducted fopilot studies:

» Carswell Air Force Station in Fort Worth, TX for remediation of TCgriound water
using poplar trees
* Chevron fuel terminal in @den, UT, for remediation of TPHs in soil agund water
using poplars, alfalfa, and fescue
» Magic Marker site in Trenton, NJ, for remediation of lead g@8nassica juncea
* McCormick & Baxter Sperfund site in Portland, OR to remediate PAHs and PCP in soill

using ryegrass.

The Petroleum Industralso has conducted somieot studies usig phytoremediation to
clean g petroleum contamination.

Pivetz noted that a Remediation Techig@s Develpment Forum (RTDF) for
Phytoremediation of Qganics is now irplace. Itspurpose is to brige thegaps between
research, gplication, and rgulation. Three worgroups have been established to address
TCE ingroundwater, TPH/PAHSs in soil, andgegative cas. Information on this Forum can
be found on the RTDF websiteldtp://www.rtdf.org .

In summay, Pivetz noted the followmn

» The pecific processes and dgsi considerations fgehytoremediation var greatly
dependirg on the contaminanype and matrix.

» Selection and use of ap@opriate plant is critical.

» Depth of soil remediation is likglto be limited |y the deth of theplant roots.

* Phytoremediation mpabe most ppropriate for low contaminant concentrations andglon
time frames.

» Practical inplementation ophytoremediation will rquire more information on
techngues, costs, and irgeation ofphytoremediation with other remedial techrngp&s.

GROUND WATER FORUM SESSION

Monitoring for
Integration of
Hydrologic,
Biologic, and
Chemical
Characterization,
Site
Characterization
Methods

Steve Acree (ORD/NRMRL/SPRD-Ada) indicated that diffiguit site characterization
arises due to site hetgemneil, rarging from the microscpic to megasceic scale, of the
subsurface. There are several tools to charactgeizlegy, such as continuowgolagic
logging, grain size angkis, and conpenetrometer testgn Tools to characterizeytrology
includepumping tests, slg tests, lalpermeameter tests, borehole flowmeters, tracer ggstin
andgrain size anafsis; gegphysical tools include surface and borehgdephysical layging
and electromgnetic conductivy tests.

Acree noted the advamgs of borehole flowmeters. Thgreatly increase one’s knowlgd

of the subsurfacejjeld data raidly, and fit into existig 2-inch diameter wells. The

flowmeters measure volia, which isproportional to the flow. The meters arepahle of

measurig flow rates as low as 100 mL/cm in the laboratdut realisticalf measure rates

on the order of several hundred mL/cm in the field. The meters are 1 inch in diameter and ar
equipped with apacker to isolate the zone to be metered. The meter can be connected to a
computer for real-time data collection and an agatodigital converter. The meter measures
the vertical corponent of flow in the borehole. To measure the flow into the wellysdlg

to pumping, the measured flow must be corrected for ambient flow into the well.
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Monitoring for
Integration of
Hydrologic,
Biologic, and
Chemical
Characterization,
Biological
Characterization

Monitoring for
Integration of
Hydrologic,
Biologic, and
Chemical
Characterization,
Geochemical
Characterization

Further information on the use of borehole flowmeters for site characterization can be found
in “Site Characterization Methods for the Ogsof In-Situ Electron Donor Delivgr

Systems,” gpaper submitted for the Proceedsof the 1997 Battelle Conference (Acree,

1997).

Guy Sewell (SPRD-Adapresented the monitorgmeeds for the biotpcal characterization
of a site. Additional information on hgesentation ipendirg. For more information at this
time, he can be contacted at the R.S. Kerr Laboraiio#05-436-8566 .

Puls conpared the DMLS multi-lger sanpling system to conventional monitogrwells for

the estimation of the extent gfound-water contamination. H®inted out the advargas of

using DMLS instead of wells. He had a DMLS saler on hand as an exata. Puls

distributed cpies of apaper that @peared in volume 25 of thiournal of Contaminant
Hydrologyentitled “Multi-layer sanpling in conventional monitorgwells for improved
estimation of vertical contaminant distributions and mass” (Puls and Paul, 1997). Additional
copies can be obtain from Puls. Contact him at 405-436-8543.

THURSDAY, JULY 31, 1997

GROUND-WATER FORUM SESSION

Subsurface
Extraction
Research at Hill
Air Force Base
(AFB)

Prgect Overview

Carl Enfield (SPRD-Ada) summarized the research on subsurface extractiogueshni
conducted ¥ EPA and DOD at Hill AFB near Salt Lake gitUtah. Thegoal of the research
was to corpare various extraction teclopies to cleanuLNAPL in ground water. The
LNAPL contaminated thground water at theperable unit as a result past usge of
chemical wastgits and a fire trainig area. The test site oquas six acres.

Nine isolated demonstration cells (similar to the Waterloagdgsvere constructed of sheet
pile welded with outside ahe iron. The demonstration cells, which were 5 meterg byr3
meters wide wergrouted to a deth of 35 feet. The nine extraction teciunes tested at the
cell were:

1) cosolvent solubilization
2) cosolvent mobilization
3) air parging/SVE
4) in-well aeration
5) steam ifection

6) captex siwgar solubilization

7) surfactant solubilization
8) surfactant middiphase microemulsion
9) sigle phase microemulsion

24



U.S. EPA Technical Support Project Meeting: Technical Sessions Ada, OK

Performance evaluation of the extraction teghes included soil sgohing, ground-water

sanpling, andpartitioning tracer tests botprior to and after implementation of the

techngue. In addition, a mass balance was conducted to calculate the mass removal for eacl
process stream.

In summay, Enfield said that the results of therformance evaluations indicated that in-

well aeration was considered better for dissolved contaminants and was not recommended
for NAPL. Enhanced volatilizationybsteam ifection removed a lot of the undecane, and the
contaminant mass was reduced considgrdiadwever, some hqgists remained. Cophex

suwgar solubilization was determined to be an ineffective extraction method. Surfactant
mobilization, cosolvent mobilization, and surfactant migiiiase microemulsion were more
effective techrques that removed most of the undecane.

Ben Blang (ORD/NRMRL/Cincinnati) asked whether other factors, such as economics or
applicability, indicate which techgue should b@ursued. Enfield ndied the all of the
techngues can be used to extract contaminants frpermeable subsurface. He said that the
techngues selected will gend on the contaminanpsesent. He added that more evaluations
need to be conducted outside of the demonstration cells.

Site Characterization

Lynn Wood (ORD/NRMRL/SPRD-Ada) summarized the characterization of the site and
source area conductedor to implementirg the subsurface extraction tectunes at Hill

AFB. He exylained that characterization was conducted on three scales: Petiable unit;
2) the stug area; and 3) the demonstration cells.

To characterize theperable unit, researchers reviewed available historical informatioy. The
analzed the NAPL, conductedgroundpenetratiig radar surve, and cored soil sgptes.
Hundreds of contaminants were identified at therable unit, but the followmNAPL

anaytes were tageted:

1) decane 6) m- anpkxylenes

2) undecane 7) TCE

3) toluene 8) 1,1,1-TCA

4) ngphthalene 9) 1,2-dichlorobenzene
5) o-xylene 10) 1,3,5-trimetfibenzene

The @erable unit was found to be underlajndsand andravel auifer, rarging from a
gravelly sand to a saiydgravel. A cly layer was identified 20 to 30 feet belgnound
surface.

The oljective of the stuglarea characterization was to confirm pinesence of NAPL and to
locate the cha aguitard for enplacement of the demonstration cells. Gropadetratimg

radar and resistiwtsurveys were conducted, and cores were @athusirg hollow stem
auwgers. The saples were extracted on site to avoid volatilization of contaminants.

The obective of the demonstration cell characterization was to determingdhaynamic

andgeochemicaproperties of the cells, as well as the distribution and cheyro$tihe
NAPL. The results were used forpeximental degin andperformance monitorigp The
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methods used to characterize the demonstration cells included cpimgastatic and
dynamicground-water sapling, non-reactive tracer testgrtitioning tracer tests, and
interfacial tracer tests.

Wood exlained that the tracer tests were conducted to assesgditoelfmamics of the
subsurface. Thpartitioning tracergpartition between NAPL and water in a known manner,
so tracers can be used to determine whether NAPlesent. A suite of conservative and
non-conservative tracers with NAPL/wageartition coefficients raging from 0 to 40 were
injected into a well. Thground water was monitored at sevqraints between the jaction
well and extraction well. Theartitioning tracer tests make several asptions: that
retardation of the tracer is duegartitioning into the NAPLphase; the NAPL/watgrartition
coefficients are indqeendent of tracer concentrations; there is no mass transfer coefficient;
and the kdraulic flow field effectivey contacts all of the NAPL in thegen of interest.

Interfacial tracers accumulate in the NAPL/water interface. The interfacial tracer tests make
several assuptions: the tracer adsorbs at the interface, but dogsantition into the NAPL
phase; ads@tion occurs as monojar coverge; and each tracer molecule opi@s a

constant known molecular area at the interface.

Steve Hutchins (ORD/NRMRL/SPRD-Ada) asked whether the vibrations oagduriing
the installation of shegiling caused settlgpof the subsurface and as a result, affected
accessibiliy to the source area. Wood indicated that sgttid occur, and this likgl
affected accessibiiit

Cosolvent Mobilization

Ron Falta (Clemson Univergjtexplained the thegrbehind cosolvent mobilization and then
summarized the results of the cosolvent mobilization demonstration cell. Falta said that
cosolvents are miscible solvents (like alcohol) and haeeational mechanisms similar to
surfactants. Theare @plied to the site as cosolvent “floods.” He later describegliase
behavior of cosolventystems and noted mechanisms to minimize and maximize DNAPL
mobilization. Falta concluded that as in the oil figldctice, the existgfraction flow theoy
correcty predicts the behavior of cosolvent floods.

A cosolvent flood of 8percent tertbytl alcohol (TBA) and 1%ercent hexanol was used for
the demonstration at Hill AFB. Hexanol was added to make the solution more efficient
because aure solution of TBA freezes at room tpaenature. Three jection wells, three
extraction wells, and 11 multi-level splars were installed. The results of the multi-level
sanpling following the cosolvent flood showed a reduction fgeBcent NAPL saturation.
Thepercent reduction in NAPL aveged 80percent at the sgofers. The taget anaytes
exhibited a similar total removal (78&rcent), althogh higher reductions were achieved
for the more soluble copounds. Falta concluded that it is technicédlasible to mobilize

and remove LNAPLs usgicosolvents.

Willey asked Falta whether there is an advgentaphasirg the use of cosolvents. Falta

replied that there is an advaggatophasirg in the gplication of cosolvents because it
“softens” the mobilization.
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Microemulsions

Mike Annable (Universit of Florida) described the use of cosolvent flughand
microemulsions to extract LNAPL at two of the Hill AFB demonstration cells. A cosolvent
made  of 70percent ethanol and J&rcentpentanol was used. Tipentanol was added to
aid in solubilizirg the NAPL found at the site. Because alcohol is less dense than water, it
was exyected to stalargely in the ypper zone of contamination. To introduce alcohol into
the lower zone of contamination, a flushgradient was induced.

The cosolvent wagumped throgh the demonstration cell and extracted to waste tanks. The
removal of NAPL was measureg Bnal/zing soil cores. Analsis of the soil cores indicated
that a lager percentge of taget anaytes was removed from theptof the test cell (80 to 90
percent) than the bottom (Percent).

In a second cell, a mixture consigtiof 3 percent surfactant (Byt97) and 2.5ercent
alcohol was introduced to theuafer togenerate a microemulsion to mobilize the NAPL.
Analysis of soil cores showed substantial removal of thgetamnaytes (87 to 9percent
reduction). The tracer data collected at the extraction wells showepead@dt removal
alorg the sides of the demonstration cell and @ét@ent removal at the center.

The NAPL mass removal effectiveness of the cosolvent flgsinid microemulsion
extraction techmjues were copared based on the results ofpajtitioning tracer tests; 2)
extraction well mass balances; and 3) soil coreyaral Cosolvent flushiyielded
removals of 8Jpercent, 8percent, and 8fercent for the three methods, pestivel; the
microemulsion removals were pércent, 93ercent, and 9percent.

Although the results of the two teclopies are faigl conparable, microemulsiongppear to
have been more effective from a constituent basis. Another factor in tiparson is
economics. The cost of the cosolvent mixture was §&5@gallon, versus $1.2per gallon
for the microemulsion mixture. The relative cost of wastpadial for the two methods has
not been assessgst.

Vince Mallott (Reion 6) asked if the number pbre volumes needed to achieve ptete
removal wagrojected. Annable estimated that 15 topp@e volumes would be geired.

Wilson inquired about the cost of the mixtunges cubicyard of treated soil, but Annable
indicated that the cost had not been calculated. ponsg to ajuestion rgarding the

recovey of the surfactant, Annable indicated that he could not answer how much had been
removed. He noted, however, that there was sommdation of the surfactant after

injection of thepentanol ceased.

Surfactant Solubilization

David Sabatini (Universjtof Oklahoma) summarized the results of the surfactant
solubilization demonstration. He @ained that because the NAPL isppad by capillary
forces, it would take a lot of water to flush the NAPL without the addition of surfactant to
increase contaminant solubylitHe indicated that some surfactants are water soluble
(Windsor Type | surfactant) and others are oil soluble (WindsgeeTll surfactant). Addig
sodium chloride to a water soluble ionic surfactant lowers its effective Hptluce an
intermediate Windsorylpe Il surfactant. Furthermore, addia hydrotragpe to a Windsor
Type Il surfactant raises its effective HLB and will aggoduce a Vpe Ill surfactant.
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Sabatini said that the use of surfactant stabilization is more economical at smaller sites.
Surfactant solubilization is limited to the sources zone where there is residual saturation, anc
mobilization of the NAPL igpreferred over solubilization. Recoyeaind reuse of the

surfactant will make this extraction tecueé more economical.

The degyn of a surfactant solubilizatiolystem should be based on a review of literature,
laboratoy studies, and field studies. Sabatimyg@ested examinmfive to eght surfactants in
the laboratoy and assessyground water/soil/contaminant interactions with the surfactants.
He also sggested conductmcolumn studies with two or three surfactants. Sabatini
mentionedoroblems with mixiig and dipensirg the surfactant at Hill AFB, due to the cold
weather conditions.

Sabatini noted that surfactants in combination with water and air cause godmiavoid
foaming, the liquid loadirg rate and the duid/air ratio can be adsted. Botlpacked tower
and hollow fiber methods of remogvOCs from surfactants were tested at therable

unit. Sabatinpointed out that VOCs must be removed in order to reuse the surfactant. A
comparison of the two methods showed thatgheked tower removed 90 to pBrcent of

the TCE and 80 to 9fercent of the PCE; the hollow fiber removed 98 to gé@ent of the
TCE and 80 to 9percent of the PCE.

In summay, Sabatini concluded that surfactant mobilization is a more effiggnbach to
LNAPL extraction than surfactant solubilization. He stressed tperismnce of swage
efficiency in theprocess and the need for additional field demonstrations at sites with
differentgeolagy and contaminants. Peggamobilization can be cpled with other
processes to achieve cleapgoals. He added that surfactant decontaminatiorgtgyhi
efficient usirg desgn equations and perationalguidelines.

Willey asked whether the teclyoe poses groblem because DNAPL can solubilize and
migrate. Sabatini indicated that idgalbne would degn an extractionystem with an ultra-

high solubilization, in addition to decreased surface tension. If the mobilized DNAPL can be
cgptured at dpth, thengravity can be used to pplement the gstem.

A person asked whether the alcohol used to mobilize the NAPL could kill the
microoganisms that aid in deadation of contaminants. Wilson indicated that alcohol
sterilizes surfaces, and there are tooynawoks and crannies in the soil for the alcohol to
reach all of the microganisms. Willg suggested that biodgadation could be used as a
polishing step to treat remainig ground-water contaminants after the NAPL is extracted.

Willey mentioned that there is apaoming neutral bugang/ surfactant flush gperiment at

a site in New Hamshire. The site has received a consent decreeg@ktmigration of
contaminants in 3@ears. Willgy can be contacted for further information on thpegxnent.
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